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Abstract. Process mining is a process management technique that allows for
the analysis of business processes based on the event logs and its aim is to
discover, monitor and improve executed processes by extracting knowledge
from event logs readily available in information systems. The popularity of agile
software development methods has been increasing in the software development
field over the last two decades and many software organizations develop soft-
ware using agile methods. Process mining can provide complementary tools to
Agile organizations for process management. Process mining can be used to
discover agile processes followed by agile teams to establish the baselines and to
determine the fidelity or they can be used to obtain feedback to improve agility.
Despite the potential benefit of using process mining for agile software devel-
opment, there is a lack of research that systematically analyzes the usage of
process mining in agile software development. This paper presents a systematic
mapping study on usage of process mining in agile software development
approaches. The aim is to find out the usage areas of process mining in agile
software development, explore commonly used algorithms, data sources, data
collection mechanisms, analysis techniques and tools. The study has shown us
that process mining is used in Agile software development especially for the
purpose of process discovery from task tracking applications. We also observed
that source code repositories are main data sources for process mining, a
diversity of algorithms are used for analysis of collected data and ProM is the
most widely used analysis tool for process mining.
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1 Introduction
Process mining is a relatively young research discipline that sits between computational
intelligence and data mining on the one hand, and process modeling and analysis on the
other hand [1]. The aim of process mining is to discover, monitor and improve exe-
cuting processes, by extracting knowledge from event logs readily available in
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information systems. Although it has received great attention during the last few years,
the idea of reconstructing processes using the stakeholder footprints is not new. Many
groups have been working on techniques on process mining over the last two decades.
Earlier studies are around application of process mining in the context of workflow
management systems. The studies of Cook and Wolf [2, 3] are the pioneers of the
works on application of process mining techniques in the field of software development
process. There are various methods and algorithms in the field of process mining
proposed for different purposes such as rediscovering business processes, conformance
checking, process enhancement, software development and social networks analysis
[4–10]. Akman and Demirors [11] studied the applicability of process discovery
algorithms for software organizations. As the capabilities of information systems and
features of CASE tools are improved, it has become possible to record the footprints of
each stakeholder in software development processes which leads to increase in the
maturity of process mining techniques.
As the benefits of large scale process centric improvement approaches questioned
more [12], Agile software development methods have increased their popularity in the
software development field. Today prominent percentage of software organizations
develop software using agile methods [13]. Agile software projects are generally
developed by small teams and in short iterations. Agile methods are more lightweight,
more people centric and leave less traces when compared with the traditional
approaches such as waterfall [14]. Agile approaches such as Scrum and XP also
suggest a set of practices and rules for developers. However, their application in the
field is left to the agile teams. Process conformance validation is one of the key
challenges in agile software development [15] together with the agile maturity of their
practices [16]. Process mining techniques have the potential to be used to discover agile
processes followed by agile teams to determine the conformity. They can also establish
the necessary evidence for assessing or measuring the agility of organizations.
There are case studies, researches on applicability, systematic literature reviews and
mappings on process mining on software engineering in the literature [44–46]. How-
ever these studies do not provide evidence and a general understanding on their
usability in the Agile software development context.
In order to understand the applicability and usage of process mining in agile
software development, we have searched the literature systematically with the aim for
determining the state of the art on process mining in agile software development. Our
goal is to find out usage areas of process mining in agile software development, explore
commonly used methods, algorithms and techniques, data sources, data collection
mechanisms, analysis techniques and tools.
Both process mining and Agile Software Development are hot topics. Usage of
process mining in agile software development is an interesting topic to research. The
aim of this paper is to find out the studies on application of process mining in agile
software development process. The contributions of this study will be creating
awareness about researches on the subject and highlight the usage areas process mining
in agile software development. Also we can create a base for our further research
activities and prepare a road map for our studies.
The paper is structured as follows. The design of our research and the method that
we followed for the systematic mapping are described in Sect. 2. Findings obtained
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from the analysis of selected publications that we performed to answer our research
questions are summarized in Sect. 3. Finally, our conclusions are in Sect. 4.
2 Research Method
A systematic literature mapping is a mechanism used to contextualize a particular area
of interest through identification, assessment and interpretation of the set of research
works which describe such an area [17]. Systematic mapping studies adopt rigorous
planning, follow repeatable and well-defined processes, and produce unbiased and
evidence-based outcomes [18]. We have conducted a systematic mapping study to
achieve our goals for identifying the answers to the research questions we set in
advance. The questions are derived based on a preliminary research on process mining
in software engineering and also in agile software development. Also the aim of
process mining and the fundamentals explained in Process Mining Manifesto [1] lead
us to generate these questions.
The guidelines for performing a systematic literature mapping mentioned by
Kitchenham [17] are followed in our study quality assessment.
Research questions to address in this mapping are as follows:
Q1. What are the different categories of research areas concerned with process
mining associated with agile software development?
Q2. What are the different purposes of using process mining in Agile Software
Development processes?
Q3. Which agile teams’ footprints are utilized by proposed methods in the agile
process mining context?
Q4. What are the techniques and methods of process mining used for Agile Soft-
ware Development processes?
Q5. How do current process mining techniques use these footprints?
Springer Link, IEEE Xplore, ACM Digital Library, Google Scholar and Science
Direct repositories are selected as data sources. Search terms are determined, and the
same search terms are used for all data sources. The searches are full-text searches and
the terms are searched in the title, abstract and body of the paper.
Search Terms:
• “Process mining” AND “Agile”
• “Process mining” AND “Agile Software”
• “Process mining” AND “Agile Software Development”
• “Process mining” AND “Agile Software Lifecycle”
• “Process mining” AND “Scrum”
• “Process mining” AND “Extreme Programming”
• “Mining” AND “Agile event logs”
• “Mining” AND “Scrum event logs”
We performed the study selection in two phases. In the first phase, the search
results are evaluated via reading the title and abstract part. The relevance of studies
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with process mining in software development, especially agile methodologies, is the
main concern for study selection. Relevant studies are selected for final evaluation. In
the final evaluation part, entire paper is read and evaluated based on a control list
containing study selection criteria. Inclusion/Exclusion criteria for paper selection is as
follows:
Inclusion Criteria:
– Article reporting software process mining related study in agile software develop-
ment context.
– Written in English
– Published in a journal, conference or workshop,
– Full-text is available.
Exclusion Criteria:
– Article that is not utilizing process mining in agile software development,
– Article that is not entirely in English,
– Partially available or unreachable articles
– Article that is published as a short study and not as a full study.
References of the selected papers are also checked to find the related papers to
increase the results set size before the selection process is completed.
The list of papers are cross checked by the authors to validate paper selection
criteria. Papers which are found related by all authors are selected for data extraction
and analysis.
Data about the methods applied in the field of process mining, the tools used, and
the results of the applied methods are collected. Collected data is analyzed to generate
classifications to extend the analysis.
3 Results
Process mining is a growing research area and there are many works on algorithms,
methods, tools and applications in business process management field. There are also
special studies on the field of software development which are referred to as software
process mining. The application of process mining algorithms and methods in the field
of software development is also a rapidly growing research area but overall, there are
not many studies on the application of process mining in agile software development.
Although there are more search keywords in the design of search process, the
results drive us to similar paper sets. So search keywords are analyzed and only four of
them which produce most relevant results are selected for reporting. The numbers of
publications associated with the keywords in the target data sources are given in
Table 1.
After applying the inclusion and exclusion criteria to the search results, the number
of publications related with process mining in the field of agile software development
decreases considerably. The different numbers of publications after the study selection
process are given in Table 2.
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Search results of Google Scholar database include some of the papers from our
other search databases. So the number of publications obtained from Google Scholar
database is higher when compared with other databases. However, some of the papers
appear only in the search results of Google Scholar database.
Selected publications are analyzed to search for answers to our research questions.
Q1. What are the different categories of research areas concerned with process mining
associated with agile software development?
Selected publications can be categorized into three subgroups according to the
application area of process mining in agile software development.
• Application of process mining in agile business processes: The studies [22–24, 27,
33] in this classification are not directly related with agile software development.
Agile business processes are able to act immediately to changes in real time.
Application of process mining in agile business processes may lead us to generate
methods of application of process mining in agile software development area.
• Usage of process mining in agile software development: These articles focus on
developing software using process mining techniques. The aim is to characterize
Table 1. Search results
Search Term/Databases Springer
Link
IEEE
Xplore
ACM
Digital
Library
Google
Scholar
Science
Direct
“Process mining” AND “Agile” 196 2 3 1750 49
“Process mining” AND “Agile
software development”
12 14 1 220 3
“Process mining” AND
“SCRUM”
17 9 0 209 0
“Process mining” AND
“Extreme programming”
17 6 1 151 3
Table 2. Selected search results
Search Term/Databases Springer
Link
IEEE
Xplore
ACM Digital
Library
Google Scholar Science
Direct
“Process mining” AND “Agile” 6
[19–24]
1
[25]
1
[31]
15
[19, 21, 25, 27,
28, 31–40]
1
[3]
“Process mining” AND “Agile
software development”
2
[19, 20]
5
[25–29]
1
[31]
9
[19, 27, 32, 34–
39]
0
“Process mining” AND “SCRUM” 1
[19]
3
[25–27]
0 5
[19, 27, 31, 32,
38]
0
“Process mining” AND “Extreme
programming”
1
[20]
1
[30]
1
[30]
4
[27, 28, 39, 40]
0
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user interaction with the software, to understand which features are used and to find
out sequence of operations. Event logs generated during usage of applications are
analyzed via process mining algorithms and the findings are used for developing
software in an agile manner [31, 34, 38].
• Usage of process mining for discovering/conformance checking of agile software
development processes: Process mining is used for discovering the application of
agile software development processes by agile teams/organizations. The aim is not
only process discovery but also conformance checking and enhancement are in the
scope [19–21, 25, 26, 28–30, 32, 35–37, 39, 40]. In the second research questioned
we decomposed the different purposes.
Q2. What are the different purposes of using process mining in Agile Software
Development processes?
Classification of publications according to purpose of usage is given in Table 3.
Process discovery is the most commonly used area of process mining [1, 8]. Our
work also has shown that process mining is used mostly for process discovery to reveal
the processes that were actually executed in organizations. Event logs generated during
process executions are analyzed to extract real processes.
Process mining has also usage in process conformance checking. Agile method-
ologies such as Scrum, Extreme Programming (XP), Agile Unified Process (AUP),
have prescriptions to follow. Also the artifacts defined in agile methodologies (product
backlog items, tasks, bugs etc.) have states and workflow of these artifacts are pre-
defined by agile methodologies. After process discovery, the results are compared with
the predefined models to check process conformance.
Another usage area is process improvement and enhancement. Actual executed
processes are analyzed to find out bottlenecks and delays in actual executions. Best
practices of actual executions are put in evidence for the benefit of organizations.
Q3. Which agile teams’ footprints are utilized by proposed methods in the agile process
mining context?
The data sources that contains footprints of agile teams can be classified into three
groups. The classification is given in Table 4.
Table 3. Purpose of usage
Purpose of usage Publications
Process discovery [19, 21, 25–30, 32, 33, 35, 39]
Process conformance check [19, 32, 36, 37, 40]
Process improvement/enhancement [19, 21, 25, 36, 37, 40]
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Q4. What are the techniques and methods of process mining used for Agile Software
Development processes?
Process mining algorithms used in analysis in selected papers are given in Table 5.
Q5. How do current process mining techniques use these footprints?
Our work has shown us that analysis are conducted by using noninvasive tech-
niques to collect the data. Data collected in event logs are queried for transforming into
the format that can be fed to process mining tools. Collected data should be trans-
formed into a format that process mining tools can understand to conduct the analysis.
Most commonly used format is eXtensible Event Stream (XES) [43]. There exist many
tools with process mining capability. ProM is a popular and powerful tool for process
mining. It has many plug-ins and serves a high number of alternative to run analysis.
Majority of the selected studies make use of ProM or extension of ProM for analysis
[19, 21, 22, 25, 29, 32, 35, 38–40]. Disco is another process mining tool used in
analysis [19, 39].
Table 4. Process Mining Data Sources
# Data source Publications
1 Issue tracking applications such as Microsoft TFS and JIRA are
valuable data sources. State changes of work items generate data for
analyzing the real process. The order of events, timestamps, and team
member changing the state can be queried to generate data for analysis
[19, 32, 39,
40]
2 Software repositories such as version control systems, source code
configuration control systems and bug tracking systems. Mining
software repositories reveal data about the real process executions
[26, 29, 36,
37, 39]
3 Communication channels between agile team members are another
potential source for collecting data about the executed process.
Analysis of e-mails between the agile team members is a research topic
for extracting process data. The aim is to build a set of workflow
models that represent the processes laying behind the agile teams’
activities
[21, 25]
Table 5. Techniques and methods
Algorithm Publications
MINERfull algorithm [41] [21, 25]
Fuzzy miner [6] [29, 38, 39]
Genetic mining algorithm [5] [19]
Heuristic mining algorithm [42] [19, 22, 38, 40]
Alpha algorithm [8] [19, 32, 38]
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4 Conclusions
There are numerous research studies on process mining algorithms, methods and tools
but our study has shown that application of process mining in agile software devel-
opment processes is a research area that requires more work to be done. Usage of
process mining in agile software development have significant potential for agile teams
and organizations to increase their success and agility. However the mapping study has
shown us that there is not so much work on application of process mining in agile
software development context.
We were able to identify 25 papers in this study. Most of these papers are published
in the last decade. This shows that software process mining in agile software devel-
opment has an increasing research trend in recent years.
We observe that process mining is mainly used for discovering actual processes.
Organizations want to see what is going in real life and what the bottleneck in their
processes are. But this does not mean that process discovery is the sole interest area of
process mining. Process conformance checking and process enhancement are other
types of process mining having significant usage areas.
We have also observed significant challenges reported for applying process mining
in agile contexts. Data collection and event log creation are non-trivial issues in agile
software development processes. Due to the nature of agile software development,
finding structured event logs to mine the process is a challenging problem. Concept
drift is another challenging issue since process improvement is a continuous activity in
agile approaches through the iterations.
Agile approaches value individuals and interactions over processes and tools which
frequently lead to development processes which are not formalized. Agile approaches
are lightweight, more people centric and leave less traces behind when compared with
traditional methods. Since development process is often not formalized, agile teams
feel themselves freer to determine the sequence of events and the techniques which
may result in inconsistency, instability, and unpredictability. Interpretation of agile
method rules differently by the teams in an organization may lead to interoperability
problems between the projects of the organization. Agile methodologies such as Scrum,
Extreme Programming (XP), Agile Unified Process (AUP) have prescriptions to follow
in order to achieve real agility. Process mining can be the right tool to extract the actual
processes followed by agile teams. It can be valuable and help to visualize consistency,
stability, interoperability and repeatability problems.
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